Abstract Benign fibro-osseous lesions of the craniofacial skeleton
Fibrous Dysplasia
Fibrous dysplasia (FD) is a dysplastic skeletal anomaly in which normal bone is distorted and replaced by poorly organized and inadequately mineralized immature bone and fibrous tissue. The disease may affect multiple bones (polyostotic) or a single bone (monostotic). Polyostotic FD is less common and a few of these cases may also be associated with skin pigmentation and endocrine abnormalities, a condition known as the McCune Albright's syndrome which is more common in female patients. The craniofacial skeleton may be involved in either of the two types of FD. Monostotic FD occurs in the craniofacial skeleton, particularly the maxilla and mandible, in 25 % of the cases [4] . The pathologic process in this anatomic site is not always strictly limited to one bone, but may extend by continuity across suture lines to involve adjacent bones, thus the commonly used notation monostotic in these cases is not always accurate, and the term craniofacial fibrous dysplasia is preferred [5] .
FD is a disease of growing bones. Most cases are originally identified in children and adolescents. More than 80 % of craniofacial FD cases are diagnosed within the first two decades of life. Males and females are equally affected. Painless swelling of the facial bones with facial asymmetry is the first manifestation. Diffuse thickening of the bones with involvement of paranasal sinuses, orbits and the foramina of the base of the skull can produce a variety of symptoms, including headache, visual loss, proptosis, nasal obstruction, anosmia and hearing loss [4] [5] [6] .
Radiographic Features
Radiographic appearance of the lesions depends on the stage of the disease. Early lesions tend to be radiolucent and as it progressively calcifies it becomes more opaque. Craniofacial lesions are typically mixed radiolucent/radioopaque producing a characteristic ''ground glass'' appearance. The margins are ill defined and the lesional bone blends imperceptibly with the surrounding normal appearing bone [5] [6] [7] (Fig. 1) . The paranasal sinuses may become obliterated, and the displacement of the orbit is a common feature.
Pathologic Features
Grossly, the affected bone is rubbery, compressible, grayish white tissue that has a gritty texture when cut with a scalpel. Microscopically, normal bone is replaced with a cellular fibroblastic stroma containing variable amounts of randomly dispersed irregular, usually delicate bone trabeculae that evolve directly from the stroma. The bone trabeculae are described as resembling Chinese script letters. Typically they are composed of immature woven bone, rich in osteoid, and not rimmed with osteoblasts [4, 5] (Fig. 2) . Rarely, FD contains nodules of hyaline cartilage that vary from microscopic foci to larger grossly evident masses [8] . It has been suggested that the bone of craniofacial FD, unlike that of long bones, may undergo a process of maturation leading to lamellar bone formation [4] [5] [6] .
The diagnosis of FD, as in the case of other fibroosseous lesion, could not always be established by microscopic examination alone, but is rather based, in addition, on clinical, radiographic and intra-operative information. FD affects children and young adults, unlike cementoossifying fibroma, which occurs in older adults. Radiographically, FD has ill-defined borders that blend gradually with the surrounding bone.
Genetics
Fibrous dysplasia is a nonhereditary condition caused by a dominant mutation affecting activation of a G protein subunit alpha (GS alpha) early in the course of development [9] [10] [11] [12] . Post zygotic activating mutation of the GS alpha subunit leads to mosaic distribution of cells bearing constitutively active adenyl cyclase [9] . A somatic gain of function mutation in GNAS1 gene located at 20q 13.2-13.3 transcribing for GS alpha protein has been identified in all patients reported [9, 11, 12] . The point mutation results in substitution of the arginine residue at position 201, most often, into histidine or cysteine [9] [10] [11] [12] . This mutation is identified in the McCune-Albrights Syndrome, isolated polyostotic fibrous dysplasia as well as monostotic fibrous dysplasia [9] [10] [11] [12] . Constitutive activation of adenyl cyclase in the affected cells is believed to result in increased cell proliferation and inappropriate differentiation leading to over production of disorganized immature fibrotic bone in both polyostotic as well as monostotic fibrous dysplasia [10, 11] . Activation of adenyl cyclase may also be involved in hormonal hyperproduction and skin pigmentation in McCune-Albright Syndrome [10, 11] .
Treatment and Prognosis
Many cases of craniofacial FD become quiescent after puberty. However, persistent growth in later life has been shown in multiple reports [13, 14] . Simple contouring of the affected bone back to normal dimension is usually an effective treatment. Retreatment may be required in small percentage of patients. Partial excision followed by grafting with normal autologous bone or acrylic implants may achieve reduction in the rate of recurrence [4, 13, 15] .
Malignant degeneration has been reported in a few cases of FD, most of which are osteosarcomas and less frequently, fibrosarcoma, or chondrosarcoma. In the majority of these cases there was previous history of radiation therapy, which has been used in the past for treatment of FD [13, 16, 17] . Because of this risk, radiation therapy for FD is now strictly contraindicated. However, more recent reports show spontaneous sarcomatous transformation unrelated to radiation exposure in very rare cases [18, 19] . It is therefore prudent to keep patients with FD under long-term follow-up. Any patient showing clinical or radiographic evidence of change should undergo an adequate biopsy to rule out sarcomatous transformation.
Ossifying Fibroma
The term ossifying fibroma is used to describe a benign bone-producing fibrous neoplasm of the skeleton. Lesions that may differ in their clinical presentation, site of predilection, sex, age distribution, and microscopic appearance have been included under the umbrella rubric of ossifying fibroma. Ossifying fibroma of the craniofacial skeleton are separated into two main clinicopathologic entities:
1. Ossifying fibroma of odontogenic origin (cementoossifying fibroma), and 2. Juvenile ossifying fibroma, which is further divided into two distinct types:
A. Trabecular juvenile ossifying fibroma (TrJOF) B. Psammomatoid juvenile ossifying fibroma (PsJOF)
Familiarity with these distinct entities of ossifying fibroma is not merely of academic interest but can also be of value in distinguishing them from other fibro-osseous and non-fibro-osseous bone lesions, and thus influence their proper management and the outcome of treatment.
Cemento-Ossifying Fibroma (COF)
This benign odontogenic tumor has been variously called ossifying fibroma, cementifying fibroma, and cementoossifying fibroma. The latter is preferred because of its descriptive value and is used in the World Health Organization classification of head and neck tumors [20] . COF affect the tooth bearing areas of the mandible and maxilla.
The neoplastic cells elaborate bone and cementum and are believed to be derived from the progenitor cells of the periodontal membrane. These cells are capable of dual differentiation into fibroblasts, osteoblasts, and cementoblasts. COF is a distinctive jaw lesion that should not be confused with other craniofacial lesions that are also termed ossifying fibroma. The tumors present as painless expansion of the jaws, particularly the mandible. They can attain a very large size with considerable deformity, if untreated. The peak age of incidence is the third and fourth decades with a definite female predilection. The female to male ratio is as high as 5:1 [5, 20, 21] .
Radiographic Features
The tumors are well defined and unilocular. They may be radiolucent or may show various degrees of opacification depending on the amount of calcified tissue present. In the mandible, larger lesions tend to expand inferiorly producing a characteristic downward bowing and thinning of the inferior border (Fig. 2) . Displacement of surrounding teeth and root resorption may be seen [5, 6, 22, 23] .
Pathologic Features
An important feature of COF is that it is well defined and can often be shelled out with relative ease from the surrounding bone. Grossly the tumor is submitted in one piece or in large fragments that are yellowish tan, which may be hemorrhagic, and feels gritty, when cut with a scalpel.
Microscopically the tumor is well defined and may be encapsulated. It is composed of hypercellular fibroblastic stroma with sparse collagen fibers and blood vessels, and containing variable amounts of calcified structures. The stromal fibroblastic cells show hyperchromatic nuclei. Mitosis is not easily found. The calcified structures are composed of variable amounts of osteoid or bone and lobulated basophilic masses of cementum-like tissue resembling the cementicles that are normally found in the periodontal membrane. These structures may coalesce and form curvilinear trabeculae which may be acellular [5, 6, 21, 23] (Fig. 2) .
The ratio of the bone to the cementum-like tissue varies in different lesions. In some tumors one or the other type of the calcified tissue may dominate. Osteoblastic rimming of the bone trabeculae is evident. Polarized light microscopy reveals both woven and lamellar bone. The cementum-like tissue is often woven and may show a characteristic quilted pattern [5, 6, 21, 23] .
Genetics
Few studies aimed at identifying specific genetic alterations in COF have so far been reported. Pimenta et al. [24] showed three novel mutations in HRPT2 gene in two of three COFs. One of the patients also had a germ-line mutation. Paradoxically, using RT-PCR the authors were unable to identify the mutations in mRNA transcripts of the gene. HRPT2 gene is a tumor suppressor that is implicated in the autosomal dominant hyperparathyroidism-jaw-tumor familial cancer syndrome (HPT-JT) (see below). Parafibromin protein is a product of HRPT2 that is believed to be involved in cell cycle regulation by interfering with cyclin D1 expression [25] . It has also been shown that COF lacks GNAS gene mutation characteristic of fibrous dysplasia [26, 27] .
Differential Diagnosis (COF vs. FD)
COF is a radiographically well defined lesion of the jaws affecting predominantly female patients in the third and fourth decades of life. Unlike fibrous dysplasia, COF can be shelled out or curetted from the surrounding bone with relative ease. FD can affect any part of the craniofacial skeleton predominantly in children and young adults. FD has ill-defined borders that blend with the surrounding bone.
Treatment and Prognosis
COF is a slow growing benign neoplasm. It can be surgically excised conservatively by curettage or enucleation, with no recurrences in most cases. Untreated tumors can attain a massive size and may require en-block resection. Sarcomatous transformation has not been documented [4] [5] [6] 23] .
Juvenile Ossifying Fibromas (JOF)
The term JOF has been used in the literature to describe two clinically and pathologically distinct entities: trabecular juvenile ossifying fibroma (TrJOF) and psammomatoid juvenile ossifying fibroma (PsJOF). These tumors have also been referred to as juvenile active ossifying fibroma and juvenile aggressive ossifying fibroma [28] [29] [30] .
Trabecular Juvenile Ossifying Fibroma
TrJOF predominantly affects children and adolescents. The mean age range is 8.5-12 years [29] . Males and females are equally affected. The maxilla and mandible are the most common sites. The maxilla is more frequent than the mandible. Extragnathic occurrence is extremely rare [28] [29] [30] [31] . Clinically, the lesion is characterized by progressive and sometimes rapid expansion of the affected bone. In the maxilla, obstruction of the nasal passages and epistaxis may occur.
Radiographic Features
The tumor is expansive and fairly well demarcated, with cortical thinning and possible perforation. The lesion shows various degrees of radiolucency or opacity depending on the amount of calcified tissue produced (Fig. 3) . A ground-glass as well as multilocular appearance has been described [29] [30] [31] .
Pathologic Features
Grossly the tumor is described as yellowish white and gritty.
Microscopically it is unencapsulated and shows infiltrative growth pattern into the surrounding bone. It has a characteristic loose architecture with hypercellular stroma composed of spindle cells with little collagen production. Osteoid develops directly from the fibrous stroma and forms long slender strands that have been likened to paint brush strokes. Irregular mineralization takes place at the center of the strands resulting in the production of immature bone trabeculae that are devoid of osteoblastic rimming and do not show evidence of maturation (Fig. 3) . Aggregates of osteoclastic giant cells are typically found in the stroma (Fig. 3) . Occasional mitosis may be observed. Aneurysmal bone cyst formation has been reported in some cases [28] [29] [30] [31] .
Treatment and Prognosis
Multiple recurrences have been reported following conservative excision [29] . Eventual complete cure could be achieved without resorting to radical excision. Malignant transformation has not been reported.
Psammomatoid Juvenile Ossifying Fibroma
PsJOF affects predominantly the extragnathic craniofacial bones. The lesions are particularly centered on periorbital frontal and ethmoid bones [29] . The average age of incidence varied in different studies from 16 to 33 years. However, the age range is wide and cases have been reported in patients as young as 3 months and as old as 72 years [5, 29, 31] , and there is no gender predilection. Clinically, PsJOF manifests as a bony expansion that may involve the orbit or nasal bones and sinuses. Expansion of the tumor may result in proptosis, visual symptoms, and nasal obstruction.
Radiographic Features
Radiographically, PsJOF presents as a round well defined osteolytic lesion. Sclerotic changes may impart it with a ground glass appearance (Fig. 7) [29, 32, 33] . The lesion may range in size from 2 to 8 cm in diameter and may appear multiloculated on CT scans. Areas of low density due to cystic changes may be noted [29, 34] .
Pathologic Features
Grossly, the tumor is yellowish white and gritty. On microscopic examination, the tumor is unencapsulated and is significant for multiple small uniform ossicles (psammomatoid bodies) imbedded in cellular stroma composed of spindle and stellate shaped cells (Fig. 4) [5, 28, 29] . The psammomatoid bodies are basophilic and bear some resemblance to dental cementum. At the periphery of the lesion these structures may coalesce and form bone trabeculae. Cystic degeneration and aneurysmal bone cyst (ABC) formation may occur. It is believed by the author that reported cases of sudden aggressive growth in both TrJOF and PsJOF may be due to ABC formation.
Genetics
A study of 3 cases of ''cemento-ossifying fibroma of the orbit'', most likely PsJOF, as evidenced by review of published representative histopathologic sections, demonstrated non random chromosome break points at Xq26 and 2q33 resulting in (X;2) translocations [41] . In a very recent study, a group of French researchers using qPCR identified MDM2 gene amplification in 9 of 13 (69 %) cases of Juvenile ossifying fibroma, both trabecular and psammomatoid types [42] . The prevalence of MDM2 amplification in juvenile ossifying fibroma was significantly higher than that observed in craniofacial fibrous dysplasia (p \ 0.004) and conventional gnathic ossifying fibroma (p \ 0.001). MDM2 amplification was not associated with immunohistochemical overexpression of MDM2 protein. In contrast, in a control group of low grade osteosarcoma and liposarcoma the MDM2 amplification was associated with overexpression in all 15 cases. 
Diagnosis and Differential Diagnosis
Confusion in the literature between TrJOF and PsJOF is mainly due to the common use of the term JOF to describe these two clinically and pathologically distinct lesions. Microscopically the former is characterized by trabecular bone formation while in the latter the produced bone shows a characteristic psammomatoid pattern. PsJOF has a definite sit predilection to the periorbital bones, whereas TrJOF primarily affects the jaws. The latter also has a younger average age of incidence.
Treatment and Prognosis
Recurrence, even after definitive surgery, has been reported and multiple recurrences were observed after long follow up periods [5, 29, 35] . Malignant transformation has not been reported.
Cemento-Osseous Dysplasia
Cemento-osseous dysplasias are non-neoplastic fibroosseous lesions that affect the tooth-bearing areas of the jaws. Two main types are recognized: localized and generalized, the former includes periapical cemento-osseous dysplasia (PCOD) and focal cemento-osseous dysplasia (FCOD), the latter is termed florid cemento-osseous dysplasia (FlCOD) which denotes an extensive process with multifocal involvement of the jaws by lesional tissue with the same microscopic appearance as is encountered with PCOD and FCOD. Ideally these lesions should be identified clinically and radiographically without the need for a biopsy. Indeed, surgical intervention is contraindicated, because a simple biopsy, particularly in the case of FlCOD can result in persistent local infection and pain with complicated clinical course [4, 6] .
Periapical and Focal Cemento-Osseous Dysplasia
PCOD is a reasonably well-defined clinical-radiological entity, predominantly involving the apical areas of vital mandibular incisors. FCOD affects the tooth-bearing areas of the posterior jaws, particularly in sites of former extraction [36] . The two lesions share common radiographic and pathologic features. PCOD, also known as periapical cemental dysplasia and periapical cementoma is a relatively common presumably dysplastic disorder. It typically affects the periapical area of the mandibular anterior teeth in middle aged black female patients. The lesions are asymptomatic and are usually discovered on routine radiographic examination.
Radiographic Features
The early lesions present as small periapical radiolucencies affecting the mandibular anterior teeth in the case of PCOD. A similar but isolated lesion affecting the posterior quadrant of the jaws, especially the mandible, is seen in the case of FCOD. Continued mineralization results in heavily calcified radio-opaque areas (Fig. 5) [4, 6] .
The Microscopic features of PCOD and FCOD are analogous to those of FlCOD and will be discussed together with that entity.
Florid Cemento-Osseous Dysplasia
This condition usually presents in middle age or older black women. It is asymptomatic and typically discovered incidentally on routine radiographic examination [4, 6, 37, 38] . In most instances, the disease affects the mandible bilaterally and may or may not show concomitant maxillary involvement. Most of the patients with FlCOD are more than 45 years old, although it has been reported in younger patients.
Radiographic Features
A characteristic radiographic appearance is extensive sclerotic areas surrounded by radiolucent zone and involving the posterior quadrants of both mandible and maxilla bilaterally, in a symmetric fashion (Fig. 5) .
Pathologic Features
Both localized cemento-osseous dysplasia and FlCOD have analogous microscopic features. The lesions are composed of fibrous stroma containing foci of cementum, osteoid, or bone (Fig. 6 ). More advanced lesions show increased mineralization and in the case of FlCOD large, dense, hypocellular sclerotic masses which may form. Development of simple bone cysts in FlCOD is known to occur [39, 40] .
Diagnosis and Differential Diagnosis
It is of importance to know that, unlike inflammatory and neoplastic lesions, COD are asymptomatic and not associated with pain or expansion of the affected area of the jaws. Jaw metastasis of some carcinomas such as those of the breast and prostate, may induce osteoblastic activity and may show radiographic features similar to COD. However, metastatic jaw lesions are usually associated with pain, looseness of teeth, and paraesthesia of the lip. A Fig. 6 a Cemento-osseous dysplasia, hypocellular bone trabeculae and cementum-like structures (9200); b with polarized light microscopy the lesion appears well demarcated from the mature lamellar bone of the Jaw (upper left corner). Dense sclerotic masses form towards the center of the lesion medical history of prostate or breast carcinoma should prompt a biopsy of a suspicious jaw lesion.
Treatment and Prognosis
Ideally, COD should be identified clinically and radiographically, and not subjected to surgical intervention.
Ossifying Fibromas Associated with Systemic Genetic Disorders
A group of benign fibro-osseous lesions affecting the jaws and microscopically described as ossifying fibromas or cemento-ossifying fibromas are manifestations of systemic genetic disorders. These are rare and not very well defined conditions. The following are examples that are gaining more recognition:
1. Hyperparathyroidism-jaw tumor syndrome 2. Familial gigantiform cementoma 3. Gnathodiaphysial dysplasia/fragile bone syndrome with fibro-osseous jaw lesions
Hyperparathyroidism-Jaw Tumor Syndrome (HPT-JT)
HPT-JT is an autosomal dominant syndrome with high but incomplete penetrance and variable expression. It is characterized by primary hyperparathyroidism (PHPT) with multiple parathyroid adenomas occurring at an early age with increased risk for parathyroid carcinoma, fibro-osseous jaw lesions, and renal cysts or tumors [25, 43, 44] . The jaw tumors may be multiple and affect the mandible and maxilla [45, 46] where they have been variably described as ossifying fibroma, cementifying fibroma, and cementoossifying fibroma. The tumors occur during adolescence or early adulthood, and they persist and may grow after parathyroidectomy and restoration of a normal serum parathyroid hormone level [45, 47, 48] .
Radiographic Features
From a number of reported cases it appears that the jaw tumors are more common in the mandible than the maxilla and may be bilateral. The tumors affect the tooth bearing areas and may extend into the mandibular ramus. They are described as expansive, lytic lesions that may be unilocular or multilocular. They may be radiolucent, radio-opaque or a combination of both features. Resorption of roots of the affected teeth is reported [44] [45] [46] [47] [48] [49] .
Pathologic Features
Microscopically, the lesions are well defined but unencapsulated (Fig. 7) . They are identical to cemento-ossifying fibroma and are composed of hypercellular fibroblastic stroma containg variable amounts of calcifying structures that may form woven bone trabeculae or cementum-like structures [44] [45] [46] [47] [48] [49] . 
Genetics
HPT-JT syndrome has been mapped to chromosome 1 at the q21-q31 region. The gene HRPT2 located in this region is a tumor suppressor gene encoding for parafibromin protein [25, 50] . It has been shown that over expression of parafibromin inhibits cell proliferation and blocks expression of cyclin D1, a key cell cycle regulator [25] . Mutations in the HRPT2 result in truncated, inactive protein [44] .
Treatment and Prognosis
The tumors are treated surgically usually for cosmetic purposes. Recurrence is common, may be multiple, and may occur after correction of the hyperparathyroid state. No malignant transformation has been reported [46, 47, 51] .
Familial Gigantiform Cementoma (FGC) FGC is a rare form of ossifying fibroma. The tumors present as multifocal/multiquadrant expansive lesions of the jaws which can be massive and cause remarkable facial deformity. No other bones are affected. Autosomal dominant inheritance is seen among some cases whereas others are ''familial''. Among the few cases that have been reported, the gene appears to have a high level of penetrance with variable expressivity. The condition has been described in families in different parts of the world including the United States, Italy, Korea, and the Philippines [52] [53] [54] [55] [56] . Lesions arise during childhood and progressively expand to cause facial deformity during early adult years. Sporadic cases without any heritable features have been also been reported.
Radiographic Features
Gigantiform cementomas are restricted to the jaws and may arise in two, three or all four quadrants. The lesions present as markedly expansive masses of the maxilla and mandible that are well circumscribed presenting as radiolucent areas containing radiopaque calcifications. They commonly cross the midline of the jaws [6, 54, 55] (Fig. 8) .
Pathologic Features
The microscopic features of FGC are analogous to those of cemento-ossifying fibroma. Hypercellular fibroblastic stroma with monomorphic appearing spindle shaped fibroblasts and collagen fibers are seen. Dispersed throughout are mineralized structures of immature bone trabeculae and cementum like tissue. The latter is formed of hypocellular basophilic and curvilinear structures resembling cementicles that are normally seen in the periodontal ligament (Fig. 8) . Under polarized light, Sharpy's fibers are seen to project radially from these spheroidal deposits [6, [52] [53] [54] [55] .
Genetics
FGC is transmitted as an autosomal dominant trait that is fully penetrant but with variable expressivity [6, [52] [53] [54] . Molecular studies to characterize specific mutations are currently unavailable. Conditions that combine typical FGC phenotype and disorders of the extragnathic skeleton, particularly long bone fragility have been described under different designations. Recently the term Gnathodiaphysial dysplasia (GDD) was proposed as a name for this entity [57] . A specific mutation has been identified as causative in these cases [58] (see below). Whether or not FGC and GDD are genetically related is currently not known.
Treatment and Prognosis
Surgical management of FGC is a challenge due to rapid growth of the lesions and extensive involvement of the jaws. Simple cosmetic recontouring procedures result in recurrences, which may be multiple and occasionally at a more accelerated rate [53] [54] [55] . Extensive resection followed by massive reconstruction has been successful in some cases [54, 55] .
Gnathodiaphysial Dysplasia (GDD)
Several reports of patients showing typical features gigantiform cementomas associated with extragnathic skeletal abnormalities have appeared in the literature. The bone abnormalities are variably described as osteopenia, osteogenesis imperfecta, fragile and brittle bone [57] [58] [59] [60] [61] [62] [63] . As early as 1969, Akasaka et al. [64] from Japan reported familial cases of systemic bone disease that they named Hereditary gnathodiaphysial sclerosis. The term Gnathodiaphysial dysplasia was first coined by Riminucci et al. [65] , which describes cemento-ossifying fibromas of the jaws associated with multiple fractures, bowing and cortical thickening of the tubular bone. The authors documented that their cases lacked GNAS1 mutation characteristic of fibrous dysplasia.
Radiographic Features
The gnathic lesions in GDD have been variably described.
In some cases the lesions are expansive radiolucent with radiopaque areas that closely resemble those seen in FGC (Fig. 8 ) [62, 65, 66] . They affect both maxilla and mandible bilaterally. Other cases present as multiple sclerotic areas of the tooth-bearing areas of the jaws [57, 59, 61] or as a unilateral expansive multilocular lesion [60] . Radiographic features of the extragnathic bone include osteopenia, demineralization, trabecular coarsening, diaphysial cortical thickening and bowing of the femora and tibiae [57-59, 61, 62, 65, 66] .
Pathologic Features
Lesions of the jaws in GDD are analogous to those described in FGC. They are generally described as cemento-ossifying fibromas with immature bone and lobulated calcified masses in cell rich fibroblastic stroma [57, 58, [61] [62] [63] 65] (Fig. 9) .
Genetics
GDD is an autosomal dominant generalized skeletal syndrome. For several years, the exact cytogenetic and molecular genetics of this clinicopathologic entity remained unknown. In 2004, a novel GDD1 gene was found by Tsutsumi et al. [67] to be mutated in the original Japanese family and also in an African American family. The GDD1 gene, also known as TMEM16E or anoctamin 5 (ANO5) is mapped to a locus on chromosome 11p14.3-15.1 [57, 67] . It encodes a 913 amino-acid protein Fig. 9 Jaw lesions in gnathodiaphysial dysplasia are analogous to those described in FGC (see Fig. 8) containing eight putative transmembrane-spanning domains. It is believed that cellular localization of GDD1 protein to the endoplasmic reticulum suggests a role in regulation of intracellular calcium homeostasis [67] . The high levels of GDD1 protein expression in normal cardiac and skeletal muscle tissue as well as in growth plate chondrocytes and osteoblasts in bone suggests an important role for GDD1 in the development of the musculoskeletal systems [67, 68] .
Two missense mutations (C356R and C356G) in GDD1 have been identified in two GDD families. Both mutations occur at the cysteine residue at position 356 of ANO5 [67] . An additional novel missense mutation (p.Thr513Ile) has also been identified recently in a large Italian family with clinicopathologic features of GDD [58] .
Treatment and Prognosis
Surgical management and prognosis of the gnathic lesions in GDD are analogous to those described for FGC. They are characterized by multiple, rapid local recurrences following cosmetic surgery.
